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prasent report will be complete in itsel?f.)
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£ REPORT TO ASTRONCEERS! COMMAITTER z
e g
£ Contract N8onr-578 E
Project NR 084284 g
5 Studies of Obsidian as & Maieriel for Use in Meking %
= Astronomicsl Mirrors. %j
R A OFX TEX PROJECT * 'g?
. The eim of this vroject is to determine the extent to which 3
-2 5 3
B obsidian can be used for meking large mirrors for astroromicel wund " %
e other optical applications, _ g
N . / ;‘7‘
3
L5, REGITREMENTS CF A MATERIAL TO BE UGSED FOR MAKING OPTICAL MIRRORS i %
A satisfactory materiel for use in meking large mirrors must ; é
;... B
e have the following prcperties: i%
1. Freedem from meny bubbles or inclusions. g‘%‘
e 2. Ability to teke a high polish witk ususl optical techniques. 1%
Se Low intensity of light scattered from the pelished surfece, : f
- 4. Ability to hold firmly ar aluminum coating, or some other ;5
ke ocating to which aslumimum will stick. { g
- D Low thermel expension, end uniform expension througbout the 4
e meterial. g
Lol 6. High thermel conductivity (to equelize temperature differences). iz
2 7. Bczogeneous compositione 1z
E 8. Good emmealing. [
S, Availebility in sizes at least 20 inches in dismeter, and 3
i preferably cousiderebly larger, at low cost. 3 2
E
K & surfece free from defects is naturally desireble., A limited number g
f“" ;:
. f of bubbles or inclusicas will do little harm beyord slightly reducing %
the 1light reflected by ths mirrcr, Many smell defects will, however, §
e ﬁ

' {(* T™he first few pages of this report are paraphrased or .copied -from , f%
the Cambined First and Second Periodic Status Reports, so that the §

g

%
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have a serious effect on performance, since when aluminized they
will combine to scatter a significant percentage of total light out
of the beam, and the result will be diminished contrast in the image
of any extended object. Ability to take a high polish is necessery
for the same reason. Since sluminum is still the most generally
useful coating for opticel mirrors, it is 1mpoftant thet the material
used be able to hold alumirum, or an intermediate layer, firmly.
Astronomicel mirrors ure inevitably exposed to sharp temperature

chenges, and it is therefore importent that they be made of & zub-

stance which has low thermal expeansion and high thermal conductivity,

A

These two properties combine to determine the response of opticel
figure to a change in temperature; thus a high coefficient of ex-

pansion is offset to some degree by & high coefficient of conduc-

tivity, and vice versa. Homogeneous composition is important,

since if the composition varies through the material, thermel expan-

k> '
3
D

sion will also vary, with the result thet if the mirror has a perfect
figure at one temperature, this will not be the case at a different

tempereture, even if the mirror has ettained thermal sguilibrium.,

TR TSN A eI

Good enneeling of the materiel is essentigl, since internal strains

will graduelly destroy a perfect opticel figure. Any meterial must

Lot ATON R T it ol

be reedily obtainable in the form of discs considerably larger then

LY IR AP

since no difficulty is encountered in obtaining glass discs of

moderate size,

BACKGROUY. "7 TEE PRESENT PROJECT

Gless is ordinerily employed for meking astronomicel mir. ors

Until .bout

md for most mirrors in other optical applicaticms.
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twenty years ago, ordinary well-annealed glass was employed, but in

Ry

% ,;" recent years the use of Pyrex hes becoire ealmost universal, because

ST

] "of its lower coefficient of expension. Since the recent war, suit-
able glass of this type hes become extremely exgyensive, both in the ;
United Stetes and in Bnglend, and is difficult to obtain in learge

UM BT NS T

sizes, 4 different materiel with suitable properties, if readily

availeble at moderate cost, would be extremely useful. The sugges-

tion that obsidian might be used for large telescope mirrcrs was

o e LRI ABY ATEL SR

made more than thirty years ago by Dr. F. E. ¥Wright, but until re~

cently no serious attempts have been made to investigate its optical :

v.< YT
. m@u‘n. {1

s usefulness,
% . Obsidien is a glassy rhyolitic lava, generally regerded as @
~* ' megma which failed to corystallize when it cooled. lost speclimens

contain inclusions (micrcliths) in the form of minute crystals, but
in meny ceses these 3o not appear to project above the policshed :

. surface of & polished mirror more than a smell fractim of a wave

O AU A AT S B AR U 2% L Thane X g 21 AN DU S e L e A DY

length of light. The coefficient of expension of seversl samples
§ ’ of obsidian, measured in the past, 1s about 4.6 x 10"6, vhich is
3; somevbat greater then thet of Pyrex.

AT

t : A considersble number of smell mirrors were mede at the

BY7

Galifornia Acedemy of Sciences for use in militery instrumenis

T i e dad

during the recent war., These vere entirely satisfactory. A S5-inch

£let mirror made by Mr. Fred B. Ferson was examined and found to be

Al X R B e s 4o

[EXVORTPN

quite setisfactory &s regerds figure and capable of taking ar alumi-

num costing which did not eppear to scatter much mare light than &

& bahad TV A

similer coating on glass.
On the basis of the esbove facts, it was felt worth while

i{nvestigate further the possibilities that obsidien could be used
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for making relatively large mirrors, in cases where gless might not

be readily available,

PLAN OF THE INVESTLGATION H

™e investigation has been planned with the gim of determin-

T —
NERYERTIS

ing, with the minimun feasible expenditure of time and funds, the
physical and opticel properties of obsidien from several sources,
and in the process gaining some information as to the probabdble

cost of obtaining satisfactory discs of obsidiasn of various sizes.

An effort is being made to obtain small samples of obsidian
from as meny locations as possible where the materiel is reason-
ably free from cracks and inclusions, Test mirrors 3 inches in
dismeter are being made from all promising samples, and whenever
possible two or more from each deposit, selected at intervals
separated by a considerable distance from one another and with
descriptions and photographs to identify the spot., These 3-inch
mirrors are being exemined microscopically to determine the
frequency of bubbles, crystels, and other inclusions in the sur-
face, Thin sections of the ssme material are teing exemined

microscopically. Tne mirrors are beipg aluminized over a por-

tion of their suriace, and the percentage of lignt scattered by
the resulting mirror is being measured: In all cases where the
results of these tests are promising, an attemdt is being mede

to obtein larger semples, for meking &-inch to 10--inch mirrors,
which w11l be tested for figure over a wide range of temperatures,
If tests o_f these mirrors show good results, still larger biocks
v 11 be obtained, if possible, Finally, several mirrors wiik
diesmeters of approximately 18, 26 and 30 inches will be mede from
the best meterial availeble from any source, and will be tested
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critically for permanence of figure at various temperatures, and

for scattereda light,

Arrangements are being mads to determine the physical and

chemical properties of as many as possible of the most interest-

E' ing semples of obsidisan. The cost of making such measurements is,
§ however, considerable, and so the number must necessarily be limited.

The folloving properties will be investigated:

l, Density
2. Index of Refraction
Se Strain
4. Optical demsity
5. Thermal Bxpansion
6. Thermal Conductivity
7. Specific Hezat
8, Chemical Composition
It is to te boped that certein of these laboratory measurements
of vhysical properties will make it possivle to select samples of
obsidien which are suitable for making large mirrors, by predict-
ing to a considerable degree the optical verformance that cen be
expected from a purticular sample, Such a basis for selscting
materiel would be important from an economic point of view,
In order to avoid repetition, the details of the program will
be described under the various headings of the next section, in

vihich the results to date are summarized.

ACTIVITIES TO DATE

T. Collection of Semples of QObsidien

The wost effective procedure for collecting obsidian would
undoubtedly be to arrange for a geologist and an assistant to
visit & considerable number o? the most vromising deposits of

obsidien ir the United States, }exico, and Icelaud. With a
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truck and hoisting gesr they could not only meke examinaticns of 2
the depusits on a uniform basis, but could in a relatively short g
t;me accumulate representative samples of the maierial for study. g
Such a field investigation would, however, reguire appreciably §

more funda then esre available under the present contracst.

A,
RN

Accor ingly, it has been necessary to depend largely on the willing-
ness of individuals, with a great veriety of interests and backe
ground, to supply information regerding deposits of obsidien and

to obtain samples with the minimum of cost. In spite of tke fact

that this procedure is not as satisfactory es a survey conducted
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by one small group for this specific purpose, the resalts to date
are very significant. We are narticulerly indebted to Dr. G.Dallas
Henna, of the California Academy of Sciences, who has spent much
time and effort, without any remuneration, in accuiring samples

of obsidian from northern Celifornia, southern Oregon, amd from
Nevadse., Ee has made aveilable to us his pioneering experiencse

in the use of obsidian for mirrors in military instruments,
Several other individuels, as indiceted below, have beem extremely
helpful in providing semples from a wide variety of sources. These
sources are 4divided into twa groups, on the basis of the quality
of samples exemined up to the xesent time:

Sources which are Bxiremely Promising:

i. Icelands Material of very high quality has been receiveg from
Mr, Egill Arneson, in Reykjavik, as & result of arrangements
made by Dr, Asg. Thorsteinsson, Chairmen of the National Re-
seazch Council of Iceisnd. ‘Two 3-inch mirrors mede from the

only semple received s0 far, are excellent as regards suriace

R T Y

structure. We hope to receive severel larger seamples in the
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near future, lLarge cliffs of blask obsidian occur near

URUP S

: My Vatn, snd it seems likely that this will tum out to be
1 an importent source cf obsidian of high quality,
2. Glass Mountein, Siskiyou County, Californis. This

i region has bveen examined by Dr. Hanne, who regerds it
es the moat promising source about which he has definite

information., Boulders of two types are exposed on the

surfece: (1) grey banded obsidien, from vwhich a very

£ satisfactory 10" mirror has been made under this con-

' tract, ané (2) black obsidien. Two toulders of the

i grey obsidien heve been selected by Dr. Hanne and i

? Mr. Chesterman, of the California Stete Division of

: Mines, and will be moved to San Francisco in the near
> future for sawing into discs, probably 24%" to 30" in
? g diemeter., TUnless mare promising discs of similer f
75'5 size can be obtained from other locelities, one or '
3 i more of these discs will be ground and polished &s
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mirrors for testing.
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= Figi 1
Obsidian Boulders from which Samples Nos., 16 {left) and 17 (right)
vere chipped. Glass Kountein, Siskiyou County, Celifornia,
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3« Washoe County, Nevada. One sample of very black obsidian
of extremely high qualjty, hes beén received freom Mr, Ceaxl
Wells of Rosevill., Californie, through the kindness of
Mr, Ferson. ‘vio very excellient 2" test mirrors have been
zade from this sampie. The source of this materiel is

being investigated, in the hope that larger samples cen be

ob* »ined,

L

4, La - Lounty, Crigon. Several! semples of dense black obsidian
fren 4inis varios ' e been obtained through Ward's Natbural
Scienuve Este: ! shment, 3-inch test mirrors are bdeing made
from these samples, which appea excellent, ILarger szmples

vill be (btained as soon es snow conditions permit, if the

L AR 4R S A e WA AR s

preliminery .=sts are satisfactorye.

8

Be Socurces which are Moderately Promising:

1. St. He'ena, Napa County, Californie. Dense obsidien of

P 1

excellent quality occurs here. The 5" flat mirror loaned

PR N Y A0 U I TR LY PR N N SN T AT P ﬂ\skfﬂda?.ﬂ“"\'b [TOXVL . SYERTT W pee U P ey e

by Mr. ¥erson was made from this obsidian. But no pieces

PN ToN

larger than sbout 13% are exposed on the surface, so that
some excevation would be required toé obtain lerger pieces.
In view of the accessibility of %his site to San Frencisco,

it should be investigated further,
2, Valle Grande, N.M. Several excellent semples of dense bleck

absidian from this region heve been provided by Prof. E.S.
Larsen of Harvard. An attempt is being made to interest

some members of the staff of the laboratory at Los Alemos

{vhich is nearby) in collecting samples 10" to 18" in

diamster, and in determining vwhat fecilities would be re~

-8«
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quired to obtain larger samples. Information is alao
being requested from the U. S. Geologicel Survey, which
has recently hed an expedition in this region,

3. Richland, Washington. Mr. John Holeman states that lerge

pieces of obsidian ocecur in this vicinity. They contain
a moderate number of pumice inclusions, but these can

probably be avoided in cutting. One semple sent to

B A R S A R N B S BT £

=k Ferson and examined in Rochester has more inclusions than ‘
"_ 1 most obsidian so far tested. Larger chunks can be obtained § -
in the spring,

4. Michocoan {tate, Mexico. Mre. Juan B. Garcia, in Niles,

California, knows of a deposit where boulders weighing

2
AR IR ST v
.
"

up to several tons can be obtained on the surface.

T

A sample has been examined grossly. It is very black

AN N AL
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and appears to be reasonably homogereous, with few

33, X
A

Wit Ay
RN e

streaeks or inclusions, Mirrors and sections ere being
made, It would probably be expensive ic obtain large
pieces from this site, and that would be Justified only

if small samples showed the meteriel to be suverior to

that from the U.S.A. &end Icelend,
P

5., Isle of Lipari, A sample made avaii;.ble by Prof, Larsen

v eneee e v v

mmvms:zfsmmmv.m:mwe»:.xumlﬁemtwmmm@mzi&mmmw&m&rz&m«mm(a:i’&mﬁmn

is much more transparent than most obsidian, Quite
apart from its usefulness for maeking mirrors, this
meterial should be of great interest becsuse it cam be

tested for internel strein, and mey give &n indication

a2 to the strain of other deposits. 3
&+ Sources vwhich are not Promising (but which warrant further study):
Dr. Hanna and Mr, Chesterman

l. Lake County, Galifornia.

“ﬁzm'mw:w}_w&wzm‘mmmwmwmmwmmwm.maz

Ly s N S da . >



b2
et

e R

AR

3 A e Y e Py pr e ey, e e
R R A e s A R . R R B R e R R B R ey e

B St G ko LS P
L Bl e

. W e g —e e

visited the laxrgs deposit at Clear Lake in June, 1948,
Pieces of obsidian up to 84" and more in size have beenr
Piled up at the quarry, where some of this material is
being broken up into gravel. Examination shows, how-
ever, that most of tle material has so meny inclusions
thet its usefulness is doubtful,

2¢ Millerd Co., Uteh, A sample from Wardts Natural Science

Establishment is black, but contains numerous fine
streeks of light meterial., Its usefulness is doubtful,
but other semples will have to be exanined before any
definite conclusion cen be reached.

3. Yellowstone Park, All revorts agree in indicating that

this deposit has many bubbles and is probebly not suitable
for optical use. It wees visited by Ferson in the summer

of 1948.

4, Mororatio, Mexico. One sample hes been supplied by VWard's

N.S.E. It is biack, with a dull surface on fracture.
It appears uniform, without inclusions or bubbles visible

with a 10X magnifier, mest mirrors and sections are

being made, Other sources in Mexico will be investigated.

The coliection of smell specimens from many sources will be
continued, Little cost is involved, since most peopie are glad
to contributie samples for & non~commercial study, such as this,.
The polishing of 3-inch test mirrors, end the exemination of
polished éurfaces end sections is also easy and inexpensive,
¥uch can be learned ebout & deposit from such exeminations, with-

out the more expensive messurements of physicel proverties,
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s £ - IT., Mioroscopic Exax iation of Structure 2
: \ Thin sections (0,03 mm) of severcl samples have been §
ground and mounted by Mr. George W. Robinson, Jr., at z
E Z
BB Harvard, These have been examined by Professor Harold L. E
. i
i .;% +Alling, at the University of Rochester. The samples from §
- - <,§.’
i 3 Wiaghoe Co., Nevada (No. 10) end the semple (No. 7) supplied 3
’; - by Hanna from & river bed in Nevada (lcocation unkrnown) show j§
;¥ i
- i the smallest number of inclusions, and other microscopic g
E ¥ E 4
= £ defects, The material from Siskiycu Co, and St. Eelera, i
e <
Californie shows some banding and & vonsiderablie pumber of §
> ¥ 2
SEE A i
3 mierolites, but few bubtles or cracks.  The most frequent 3
f length of microlites in obsidisn from Valle Grande, N.M. g
7, - <
‘-2' ‘.;
3 is about 15 microns. Exeminetion of the polished sur- oH
BE
b s .
? - feces gives results similer to those obtained from the thin
- sections., These studies will be extended to all availe :
£ b able samples, and willi be put on a quantitative basis, The :
Engineering Department at the University of Rochester has {
3 ]
mede avaiieble & very good metallurgicel microscope, with 3
photographic attachment fo
= & {
£ i 3 - i
4 [ ] . 3
3 r“.: gu ;if f
S5 -2 ;
32| ¥ §
: o 3-.3 . 4; :
2R |2l 3
e T )
SR 1 :
E: b ] %; ; 3
= b % :
¢ 1 . ¥
:
ai Fig. &
F Photomicrograph of Surface of S5-inch Flat Mirror, mede from !
i Obsidien from St. Helena, California. 500X Magnification. !
-11- ‘
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ITTe Optical Grinding end Polishing :

All of the optical work has been done by Mr. Fred B,
Ferson, of the Ferson Opticel Co., Biloxi, iissiseippi.
M1r. Ferson has given this project much personel attention,

end is making test mirrors of all sizes at @ ices considera-

bly below his usual guotatiors for glass mirrors, as part

of his contribution. -

The samples wers cut with a diemond saw, milled on a
lens generator and ground with No. 240 Aloxite, U0-30,
U0-14 and U0-8 Garnet, and were then polished om pitch
leps with Barnesite, followed by fine rouge for figwing.
All samples were as easily worked as fused quartz end
Pyrex, Polishing was continued unéil ell pits due to
fine grinding were elimirzted. Crystal formatims in the
matrix exhibited no effect on either polishing or figuring
operations, as far as could be seen with 10X magnification.

Distortion of the surface due to the heat generated
by fest polishing with 2 heavily weighted tool was as fol-
lows for 3-inch mirrors: Quartz-1/2 fringe; obsidian-

1 fringe; Pyrex- 6 fringes. This unexvected observation

must be investigated. Tt is unlikely thet it is due to
a greater heat conductivity for obsidian. It has been
suggested that hysteresis mey be less for obsidien than

for Pyrex. The observations apply to obsidiun from

ill giskiyou Co., Cal., Washoe Co., Nevada, Lake Co., Oregon,
% and Iceland.
Semples of Leke Co., Oregeon obsidien have been heated

to ebout 200°C and plunged into cold water without fractur-

~12-




e Eomn g oy 4 ol gl i, I el R Nl P i R DL R S el e e B e W A L Al s S e, n FA =T e v e 2 o N A A R v o e e :
A S P B R A o A ¥ B e e A R R I R R R R R NS R R S EREnaveis s

— s A b A A AT by e ot o W M S NSRS S e e ¥ e e

ing. The material seems to breac less easily when struck
with a hammer than fused quartz, Pyrex, or ordinary glass.,

IV.Laboratory Tests of iiirrors

1. Optical Figure

A Poucault test set is being constructed for use in

meking tests of concave obsidian mirrors at various tempera-

tures, both above and below the temperature at which each

g
=
§c
“5.
»
Y

-
Y

mirror was figured. These tests will skow whether there

i

24

are inhomogeneities in composition large enough to distort
the figure, after equilibrium has been attained, at & high
or low temperature.

Plans are being made for constructinz & small in-

sulated oven with a double glass window, in vhich 3-inch

7
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F
=
=
3
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mirrors of obsidian can be heated uniformly to about 100°C,

A

or cooled to about -76°C, while being examined for figure
on an interferometer a% Bausch and Lomb., These tests
will also show whether inhomogeneities are sufficient to
alter the figure vwhen a mirror is in equilibrium at a

temperature very different from that at vhich it was figured.

- e
poshne ettt

E 2, Scaitered Ligh%

é Bquipment is being set up for meking quantitative

; measures of the percentage of light that is scattered out

j of the beam by aluminized obsidian mirrors. A model of

’ this eguipment is almost ready faor testing. These measure-

ments are verticularly importemnt, because the reduction of

contrest by a mirrcr can be cne of its worst defects.

Additionsl measures of scettered light will probeably be

Ry b o f




R A e R S M A P TR Ty T e R AR IR e e et

S|

made by measuring the appvarent brightness of the sky close
to the sun, reflected in obsidian mirrors, and compering
the observed value with that obtained for the sky without
e mirror. A sky photometer developed by Dr. John Evans i
at the Harvard High Altitude Observatory at Climax,

Colcrado, can probably be used for this purpose. Qualita-

tive leboratory tests indicate that aluminized obsidian
mirrors do rot scatter much more light than eluminized
Pyrex mirrors.

VePhysical and Chemical Proverties in Obsidien

1. Density. This will be measured et the University
" of Rochester on ell available samples , without cost.

2., Index of Refractione. This can also probably be measursd

at the Univerzity of Rochester, withoult coste

3, Strain., It is most importan’ to have information ebouxt
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strain in obsidien, as an indicatian of the pérmanence of

figure that can be expected. Hewever, the opacity of
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e 1) ) the materiel renders it difficult o pass a beam through

,,.
o

I

e path long enough for measuring strain, unless the
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strain is very great. I+ is possible that the meterial

nay be sufficiently transperent in the infrared to permit

using the method employed hy Mendenhell, Ingersoll and
Johnson, J.0.S.A., 15, 285, 1927,

?g 4. Opticel Densitye Semples of obsidien vary grestly in

g; "blackness®, Thin plates will be polished so that the
3 absorption curve cen be plotted througkout the spectrum,
from 2,200A to 20,000A, with a Beckman spectrophotometer

at the University of Rochester. {¥o cost except polishing
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EE the test plates st Ferson Opticeal Co.)

i 5.Thermel Expansion, This is most important, since it is
ore of the factors which influences the figure of a
41 mirror when it is suddenly exposed to a change in

temperature, Extensive correspondence is in progress,

in an attempt to find & leboratory vwhere thermal expan-

sion can be measured at a cost low enmugh to permit

'i making such measures on & considerable number of the
specimens of obsidisn. The lowest price so far quoted
is £28,00 per sample if five samples are run together
, {N.Y. Testing Laboratory)es Dre. E. De Tillyer at the
§ fmaricen Ootical Co., has offered %o measure the differ-
i ence in expansion in three coordinates,

" 6.Thermal Conductivitye This is as importent as thermeal

Ve
Airdindia ge,

expansion. The least expensive measurement guoted 1o

i

date is $30.00 (J.L.Finck Leboratories).
7.Specific Heat. This is elso important, elthoaigh it m2y
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vary less than some of the other properties. A single

R

measurement by the Finck Laboretories costs $5C.00.
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8.Chemical Composition., Most cobsidian contelns about

78-76% silica, although a few samples ars reported with

i as low as 53% silica., Alumipe runs 10-20%, iror oxides

33
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1-5%, Mg, Ca,Na and K oxides total 7-14% and water 0.1-6%.
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It will be useful to have chemical anelyses made on at

S TreY:

lesst some of the more interesting semples, in arder 1o

determine vwhet reletion, if any, exists between chemical
composition ané good opticel properties, However, the’

N.Y. Testing Leboratory scharges $40.00 per semple for such

anglyses, ;.vhen five semples are submitted together.
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On the basis of the lowest estimates of cost teo éste, the expen- 3
diture for a complete study of one specimen will cost about $158,00,
Unfortunately, the Bureau of Standards cennot probebl y meke the tests

because of their policy which avoids competition viitl privete lebora-
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tories., The more expensive tests will be postponed somewhat, so that

they can apply to those specimens vwhich are known to have the great-
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est interest from an optical point of view,
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THE OUTLOOX FOR USEFULNESS OF OBSIDIAN IN T:132 OPTICAL FIRID
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The aim of this project is to find out (1) whether obsidian

is a satisfactory material for meking orticel mirrors of considerable
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size and (2) whether the cost of obtalning suitable materiel is less
tkan the cost of gless (epproximetely $3.75 per pound) by a sufficient
smount to justify its use. It is hoped that the technical part of
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the progrem will supply the answer to the first pert of this guestion,

and that actual costs encountered in obtaining rew meteriel from
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various sources, for discs up to about 30" in diameter, will settle
the second pert of the guestion to a considerable externt. If experience

shows that an apprecisbly higher degree of uncertainty is involved in
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using en appersntly good disc of ohsilien, on which expensive opticel
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work must be done, then when zless is used, then the cost of the

material m:xt be correspondingly less. Toking ell factors into ac-

count, it seems at “he moment reasonabr2z to suppose that if obsidian
{8 to be used for large mirrors the total cost of acgquiring the raw
meterial, transporting it erd cutting and edging & dise, should not

axceed aprroximately 1/4 of the cost of & compesrable disc of glass,
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In other words, if the cost of & dise oi obsidien, from a sourcs
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kpown to have produced other satisfactory opticel mirrors, does not
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exceed about §1.00 per pound, the material may well be extremely use-
ful, If the cost of an edged disc exceeds $1.50 per pound, it will
probabiy not be useful,

There is & question whether, if interest in obsidian should
increase, tue Ddrice at the source might rise to a level where its
use would no longer represent a seving, Since the indicetions ere
that severel sources of good obsidian c¢an probably be loceted with~
out much difficuity, if the materiel is optically acceptable, &nd
since the amount of obsidian in one deposit is ordinarily tremendous
in comparison with the relatively moderete demand that may be expect-
ed, it seems unlikely that the price of obsidian will ever greatly

exceed the actual cost of selection, removal, cutting and transporta-

tion.

Rochester, N.Y.
December 7, 1948 Theodore Dunkem, Jr.
Principel Investigator
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/ Table II
Obsidian Mirrors
Obsidian

Dimensions Saﬁg]..e Origin ~__ Figure Notes

2x 11 x 65 1 St.Helena, Cel. TFlat V. good surfece

2 11 65 2 " " " Flat = " "

125 me djiem, 6 o = " Flat Aluminized (50% area)
250 mm diem. 18 Siskiyou Co.,fal., 20-ft Rad. Aluminized (90? area)
50 mm dism. Pyrex Corning Flaet Comperison Mirrer

50 mm diam, Pyrex Corning Flat " »

50 ma diem. S Siskiyou Co.,Cel. Flet ¥V, good surface

50 mm diem. 3 b ® ® Flat *® " .

50 mm diem, S5A St, Helene, Cal, Flat * bl i

50 mm diam, " GA bt w " TFlet *® » "

50 mm diame 16 Washoe Co., Nev. Flat Excellent surface

50 mm diam, 10 d b ®  Flat - b

40 mm diem. 17 Siskiyou Co.,Cal. Flat Few small inclusions
74 mm diem., 30 Richlend, Wash,. Flat HMany inclusicns

77 mm diem. 1 * " Flet * "

67 mm diem, 10 Iceland Flat Superb surface

67 mm diem, 10 i Flat = "
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